Sequential changes in superoxide production, anion carriers and substrate oxidation in skeletal muscle mitochondria of heat-stressed chickens.
We have shown that heat-stressed birds exhibit increased superoxide production in skeletal muscle mitochondria. To determine the precise mechanism for this effect, here we studied not only progressive, but also sequential changes in superoxide production, anion carriers and substrate oxidation in mitochondria of heat-stressed chickens. Exposure to acute heat stress (34 degrees C for 6, 12 and 18h) stimulated pectoralis muscle mitochondrial superoxide production. Heat stress-induced downregulations of avUCP gene transcripts and mitochondrial avUCP protein content were time-dependent: avUCP gene transcript was decreased after 6h, while avUCP protein content was only downregulated after 12h of heat stress. Avian adenine nucleotide translocator (avANT) gene transcripts were not changed on exposure to heat stress, suggesting that avANT may not be involved in the regulation of superoxide production in the muscle mitochondria of heat-stressed chickens. During the initial stage of acute heat stress beta-oxidation enzymes gene transcripts and activity were upregulated, with elevated plasma non-esterified fatty acid levels and increased expression of mitochondrial fatty acid transport genes. This sudden surge in mitochondrial substrate oxidation resulted in higher superoxide production: the avUCP expression at 6h after heat stress might have not been large enough to alleviate the overproduction of reactive oxygen species (ROS) even though a small amount of endogenous FFA, a potential uncoupler, might have been present in the mitochondria. Thereafter, avUCP content was downregulated while substrate oxidation returned to control levels. This downregulation of avUCP may have caused increased mitochondrial superoxide production, keeping the superoxide production high in the later stages of heat stress. These results suggest that overproduction of mitochondrial ROS in chicken skeletal muscle under the heat stress might result from enhanced substrate oxidation and downregulation of avUCP in a time-dependent manner.